ABSTRACT: orthogonal frequency division multiplexing (OFDM) is the most popular modulation technique in modern wireless communication systems. Even though there are many advantages of OFDM, it has two main drawbacks: High peak-to-average power ratio (PAPR) and frequency offset. In this paper the issue of PAPR in OFDM is discussed. Due to the large number of subcarriers used, OFDM systems have a large dynamic signal range with a very high peak-to-average-power ratio (PAPR) which makes OFDM sensitive to nonlinear effects. This paper proposes a novel Haar-Wavelet based BPSK OFDM system. The Haar Wavelet transformation decomposes the data symbol sequence like half of the data symbols are zeros and the rest are √2 or -√2 and we can have the PAPR reduced by 3dB at most, compared with the conventional OFDM system. In this paper we propose a novel decoding algorithm for the proposed OFDM system, derive the bit error rate performance in theory. We compare cumulative distribution function for PAPR for the proposed OFDM v/s conventional OFDM and finally we compare the BER performance of our proposed OFDM system with the conventional one.
Then the proposed BPSK OFDM system will have the PAPR reduced by 3dB at most, compared with the conventional OFDM system. In this paper we also propose a novel decoding algorithm for the proposed OFDM system to show robustness to spectral null channels.
The rest of the paper is organized as follows. The next section provides an introduction to Haar wavelet transformation, followed by the principle of the proposed OFDM system, a novel decoding algorithm and the simulation results.
II. HAAR WAVELET TRANSFORMATION
Wavelets are a special kind of functions which exhibits oscillatory behavior for a short period of time and then die out. The oldest and most basic wavelet system is named Haar wavelet that is a group of square waves with magnitude of ±1 in the interval [0, 1) [10, 11] . Haar wavelet has Haar two functions namely Haar scaling equation and wavelet function, they are represented as, 
From the equations 4 and 5, we get low pass components as From the equation (6), we can compute the approximation coefficients vector C(j) and detail coefficients vector D(j), through operating Haar wavelet decomposition over the vector C(j+1).
III.PROPOSED OFDM SYSTEM
The proposed Haar wavelet based BPSK OFDM system structure is shown in figure 1 . From figure 1 we can observe that the proposed OFDM system only increases Haar wavelet transformation at the transmitter compared with the conventional OFDM system. Some literatures use wavelet transformation to substitute the Fourier transform unit [7] [8] [9] , which is different from our paper. In this paper we use both wavelet transformation and Fourier transform unit. The proposed OFDM system has many advantages over the conventional OFDM system. The advantages of our proposed OFDM system are obtained from the Haar wavelet transformation. A. Principle of the proposed OFDM system. The Haar wavelet transform unit in figure 1 operates decomposition over the input data sequence. We denote the input data sequence as
, and the decomposition result
Since the input N by 1 data sequence is generated by BPSK modulator, each component of ) (n x is either 1 or -1. The detail process of Haar wavelet decomposition over input vector sequence From the equation (7), we can conclude that:
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After Haar wavelet transformation half of the coefficients of ) (n x are zeros and the rest are 2 or 2  . Since Haar wavelet transform is added to the conventional OFDM system, the computational complexity may increase. But the Haar wavelet transformation is simple to operate at the transmitter as follows From equation (10) we can say that the proposed OFDM system don't increase too much computational complexity, compared with the conventional OFDM system.
IV.PAPR PERFORMANCE
In this section, we study the PAPR benefits of the proposed OFDM system. In OFDM system, PAPR is the peak power per OFDM symbol versus the average power in the same symbol [12, 13] The average power of the conventional OFDM and the proposed OFDM system is equal for every frame, which can be derived from Parseval theorem, which means
Since the Haar wavelet transformation used in our proposed OFDM system, half of the information symbols are zeros and the rest are either √2 or -√2 in each OFDM symbol. Hence non-zero symbols in Haar wavelet-based BPSK OFDM system only occupies half of the subcarriers and the magnitude of each symbol is √2 times compared with conventional OFDM system. Considering the worst situation (all subcarriers appear the maximal value at the same time), we get N denotes number of subcarriers in the OFDM system. Equation (13) says that peak power of the proposed OFDM system is reduced by half, compared with the conventional OFDM system. So PAPR of the Haar wavelet based BPSK OFDM system is reduced by 3dB. Which means proposed OFDM system is able to overcome the main drawback of conventional OFDM system.
V.NOVEL DECODING ALGORITHM.
As we know, the output data sequence The decoding algorithm consists of the correlation of the transmitted symbols sufficiently.
VI.SIMULATION RESULTS
In this section, we provide the simulation results of the cumulative distribution functions for PAPR for the proposed OFDM versus conventional OFDM, simulation results of the BER versus SNR for conventional OFDM system versus proposed OFDM system. We assume 256 subcarriers, i.e., N=256, and assume BPSK modulation is used in conventional and proposed OFDM systems. For simplicity, we assume that the maximum-likelihood (ML) estimation method is used at the receiver. one can clearly see that the BER performance of proposed OFDM system is better than the conventional system. 
VII.CONCLUSION
In this paper, we proposed a novel Haar wavelet-based BPSK OFDM system. The simulation results prove that the proposed system has two advantages compared with conventional OFDM system: Reduces the PAPR by 3dB at most, BER performance improves 3dB at most. Analysis also shows that proposed system does not increase too much computational complexity at the transmitter. 
